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 Abstract 24 
This work describes three earthquake occurrence models, two in the short-(24 hour) and one in 25 
long-term (5- and 10 year), applied to the whole Italian territory in order to assess the occurrence 26 
probability of future (M≥5.0) earthquakes. The first model for short-term forecasts is a purely 27 
stochastic Epidemic Type Earthquake Sequence model (ETES). The second short-term epidemic 28 
forecast is based on a model physically constrained by the application of Dieterich rate-state 29 
constitutive law to the earthquake clustering (ERS). The third forecast is based on a Long Term 30 
model that considers the perturbation of earthquake probability for interacting faults by static 31 
Coulomb stress changes (LTST). These models have been submitted to the CSEP (Collaboratory 32 
for the study of Earthquake Predictability) forecast testing for Italy (ETH-Zurich) and locked down 33 
to test their validity on real data in a forward way starting from August 1, 2009.  34 
 35 
 1. Introduction 36 
Despite the notable lack of success in reliably predicting destructive earthquakes, there has been a 37 
recent resurgence of research on earthquake predictability motivated by better monitoring networks 38 
and data on past events, new knowledge of the physics of earthquakes ruptures, and a more 39 
comprehensive understanding of stress evolution and transfer. Unlike the old manner of formulating 40 
earthquake predictions in deterministic way, based on various kinds of more or less popular 41 
precursors, much of the recent research work on earthquake prediction is aiming at a quantitative 42 
specification of the uncertainty characterizing earthquake forecasts. These forecasts are formulated 43 
in statistical terms and are currently applied to probabilistic hazard assessment of earthquake risk. 44 
Most important, the objective definition of the forecasting models and their capacity of computing 45 
the space-time density rate of future earthquakes, allows testing such models in prospective way 46 
against observation of the real seismicity (Console, 2001; Jordan, 2006).  47 
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Stochastic short-term models describing the phenomenon of earthquake clustering are achieving 48 
increasing success in the seismological community (e.g., Helmsetter et al., 2006). These models 49 
were proposed to answer the most commonly questions of the public and the media after sizable 50 
event as: What will happen next? What is the chance that another large earthquake will occur?  51 
Stochastic short-term models describe the seismicity as a random point process, for which a 52 
continuous space-time density distribution of the earthquake occurrence can be defined. A best fit 53 
procedure based on the maximum likelihood criterion has been used for statistical analysis of 54 
random processes. In particular, Kagan and Knopoff (1976,1987), Kagan (1991), Ogata (1999), 55 
Kagan and Jackson (2000), Console and Murru (2001), Imoto (2004), Rhoades and Evison (2006), 56 
and Helmstetter et al. (2006) have applied the likelihood method for earthquake occurrence studies. 57 
A different approach for forecasting the time of the next earthquake in the long term is that 58 
associated with the hypothesis of characteristic earthquake. This probabilistic approach assumes 59 
that on a same seismogenic source strong earthquakes occur, for the time of interest, with similar 60 
rupture areas, similar mechanisms, and similar magnitudes and with time intervals characterized by 61 
remarkable regularity. They are often assumed to have similar hypocenters, similar displacement 62 
distributions within the rupture area, similar source time functions (leading to similar seismograms), 63 
and quasi periodic recurrence. This approach can be applied assuming a renewal model with 64 
memory. In the renewal model the elastic strain energy accumulates over a long period of time after 65 
the occurrence of one earthquake before the fault is prepared to release in the next earthquake. This 66 
model of earthquake occurrence assumes that the probability of an earthquake is initially low, 67 
following a segment-rupturing earthquake, and increases gradually as tectonic processes reloads the 68 
fault. 69 
A direct implication of the characteristic earthquake hypothesis is that the occurrence of 70 
earthquakes on individual faults and fault segments does not follow a log linear frequency-71 
magnitude relationship of the form (log N = a-bM) described by Gutenberg and Richter (1956). The 72 
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characteristic earthquakes are assumed large enough to dominate the seismic moment release and 73 
substantially reduce the average stress. This approach to earthquake forecasting has been widely 74 
applied, particularly in Japan and the United States, as a basis for long-term forecasts of future 75 
seismic activity. 76 
Progress is also being made with physically constrained models that link stress changes to 77 
seismicity rate changes using the Dieterich rate-and-state model (Ruina, 1983; Dieterich, 1986, 78 
1992, 1994; Stein et al., 1997; Parsons, 2004 and 2005). 79 
The validation of earthquake forecasting/prediction models is the main rationale behind some recent 80 
international efforts like RELM (Regional Earthquake Likelihood Models) and CSEP 81 
(Collaboratory for the study of Earthquake Predictability). The validation process consists of two 82 
steps: 1) to run simultaneously all codes to forecast future seismicity in well defined testing regions; 83 
2) to compare the forecasts through a suite of tests. 84 
The tests are mostly based on the likelihood score and they evaluate both the time and space 85 
performances. All these tests rely on some basic assumptions that have never been deeply discussed 86 
and analyzed. In particular, it is assumed that any model is expected to produce in each spatio-87 
temporal bin a number of earthquakes according to a Poisson distribution (with the rate estimated 88 
by the forecasting model), and independent from adjacent bins. 89 
Here we are going to give a brief description of three different forecast models that our group has 90 
submitted on the Test Center of the CSEP initiatives at ETH in Zurich for earthquake 91 
prediction/forecasting experiments. All models cover the entire Italy testing region. The data for the 92 
learning phase come from the seismic catalog collected by the Istituto Nazionale di Geofisica e 93 
Vulcanologia (INGV) from July 1, 1987 to January 1, 2009 with a minimum magnitude equal to 94 
2.1. Our group presents two 24-hour forecasts based on the Epidemic Type Aftershock Sequence 95 
(ETAS) models (e.g., Ogata, 1998; Console and Murru, 2001). The starting time for these forecasts 96 
is August 2009. The first model for short-term forecasts is a purely stochastic Epidemic Type 97 
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Earthquake Sequence (ETES) model, where the temporal aftershock decay rate is governed by the 98 
modified Omori Law (Ogata, 1983) and the distance decay follows a power-law. The second short-99 
term Epidemic Rate-State (ERS) forecast uses Dieterich’s (1994) rate and state model to predict the 100 
spatial and temporal decay of aftershocks. This more physical approach requires knowing the stress 101 
change caused by each event. Rather than computing this directly for each triggering event (e.g., 102 
using the focal mechanism with Coulomb stress calculations), we assume that it follows a radially 103 
symmetric power-law decay with distance. For further information on the adopted ETES and ERS 104 
models the reader should refer to the papers by Console and Murru (2001), Console at al. (2003), 105 
Console et al. (2006a,b), Console et al. (2009a,c), Murru et al. (2009) and Console et al. (2006a), 106 
Console et al. (2007), respectively. Both epidemic models assume that each event can spawn its 107 
own sequence of events (including aftershocks of aftershocks) and a Gutenberg-Richter distribution 108 
of events. The ETES and ERS models have been tested on real seismicity in Italy, California, 109 
Greece and Japan by comparison with a plain time-independent Poisson model through likelihood-110 
based methods, proving the validity of these models in a retrospective way (Console et al., 2003, 111 
2006a,b, 2007).  112 
The ETES model has been applied since 2006 in automatic way to the real time data of the Italian 113 
Earthquake Data Center operated by the INGV (Murru et al., 2009). Moreover, a real application 114 
has started for the first time soon after the strong earthquake that stroke the City of L’Aquila 115 
(Central Italy) on April 6th, 2009 at 01:33 UTC (Mw ≥6.3). For a duration of some months, 24 hour 116 
earthquake forecasts produced in near real time through an algorithm based on the ETES model has 117 
been provided every morning to the Italian Agency of Civil Protection for their use in planning of 118 
rescue activities. At the time of the preparation of this paper, the whole real time process, based 119 
both on the ETES and on the ERS models, is being developed at the INGV in a real time automatic 120 
information system that, in experimental and confidential way, will be accessible through a specific 121 
web site. This system is designed as to become a public information service in a future perspective. 122 
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Our group presents also 5- and 10-year forecasts based on a Long Term model that considers the 123 
perturbation of earthquake probability for interacting faults by static Coulomb stress changes, 124 
named LTST (Long Term Stress Transfer). In Italy, a similar approach has been already applied by 125 
Console et al. (2009b). 126 
 127 
 2. Short-term forecasting model based on earthquake clustering probability: the ETES 128 
model 129 
Here we consider the short-term clustering properties of earthquakes, and give a brief outline of a 130 
statistical method for modelling the interrelation of any earthquake with any other, applied to the 131 
real-time Italian data at the ETH Testing Center. We refer the reader to the papers mentioned in the 132 
Introduction for further details. The method is based on algorithms pertaining to the ETAS model 133 
published by our team on international journals. Here our model is named ETES to distinguish it 134 
from others ETAS models that will be applied to the ETH testing Center. 135 
This stochastic process is characterized by a limited number of free parameters (fr, k, c, p and d0 in 136 
equation 1), which permit the computation of the expected occurrence rate density as a continuous 137 
function in space and time, according to the definition (Ogata, 1998), for the assessment of their 138 
maximum likelihood values (Kagan, 1991).  139 
The expected occurrence rate density is modelled as the sum of independent, or time-invariant 140 
“spontaneous”, activity λ0(x,y,m), where fr is a factor called the “failure rate” (i.e., the ratio between 141 
the expected number of independent events and the total number of events) and the contribution of 142 
every previous event using a kernel function that takes in proper account: (i) the magnitude of the j-143 
th triggering earthquake, (ii) the spatial distance r from the triggering event, and (iii) the time 144 
interval (t-tj) between the triggering event and the instant considered for the computation:  145 
 146 
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The smooth background time-independent rate density function 0 ( , , )x y mλ is computed with the 149 
method introduced by Frankel (1995), described in details by Console and Murru (2001) and 150 
successively modified by Console et al. (2009c,d). The correlation distance, found equal to 29 km, 151 
has been determined by maximizing the likelihood of the seismicity contained in half catalog, under 152 
the time-independent model obtained from the other half. Figure 1 shows the smoothed seismicity 153 
in the Italian region for the July 1, 1987-January 1, 2009 period. 154 
We fixed the value of q (exponent of the spatial kernel of triggered events) at 1.5, for consistency 155 
with the theory of elasticity when r →∞, to limit the number of free parameters in the model and to 156 
make the inversion procedure more robust. The b value of the Gutenberg-Richter magnitude 157 
distribution, assumed constant over the geographical area spanned by the catalog, has been obtained 158 
independently of the other free parameters, whose meaning is reported in Table 1.  159 
The average triggering distance of the aftershock zone dj, is related to the magnitude of the main 160 
shock, mj: 161 
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 163 
The learning data set for the best fit of the model parameters is the Italian seismic catalog from July 164 
1, 1987 to January 2009. It contains 3,800 events of magnitude ≥2.1 (assumed as lower magnitude 165 
threshold of triggering and targets events, respectively). The maximum-likelihood best fit 166 
parameters of the ETES model has provided the results shown in Table 1.  167 
 168 
 169 
 170 
 171 
8 
 
TABLE 1 172 
Best Fit Parameters of the Purely Stochastic Model (ETES) 173 
Optimized over the learning phase (July 1987-January 2009) 174 
 175 
Lower magnitude threshold of triggering events 2.1 176 
Lower magnitude threshold of target events 2.1 177 
K(days p–1) (Productivity coefficient in equation 1) 0.01896  178 
c (days) (Time constant in Omori law) 0.01195 179 
p ( Exponent in Omori law) 1.0510 180 
d0(km) (Characteristic triggering distance in the spatial distribution ) 0.143 181 
fr  (Fraction of spontaneous events) 0.535 182 
Maximum log-likelihood of the catalog under the clustering hypothesis (L1) 170.408.3 183 
Maximum log-likelihood of the catalog under the uniform Poisson hypothesis (Lo) 144.925.4 184 
dlog= ln(L1/Lo)   (log-likelihood ratio)  25.482.9 185 
 186 
3. A physically constrained epidemic model, the ERS model. Application of the rate-state 187 
model to earthquake clustering 188 
We have also submitted to the ETH Testing Center a physically constrained epidemic model, 189 
named Epidemic Rate-State (ERS) model, for short-term forecasting of moderate and large 190 
earthquakes in Italy. This model merges in a single algorithm the classical concept of ETAS (the 191 
purely stochastic model) and the rate-state constitutive law, introduced by Ruina (1983) and 192 
Dieterich (1986, 1992, 1994), for the seismicity rate. The final model is stochastic, which allows 193 
the computation of the likelihood of a seismic catalog, but it also reflects at least some extent the 194 
physics of earthquake processes (Console et al., 2006a; Console et al., 2007). According to 195 
Dieterich (1994) the rate R(t) of earthquakes after a Δτ stress change at time t = 0 is given by 196 
 197 
 198 
Where R0 is the previous background-rate density, and A, σ and ta are physical parameters of the 199 
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It is also possible to show (Dieterich, 1994; Console et al. 2006a) that ta is equal to Aσ divided by 202 
the stressing rate of the seismic area,τ , and the latter is itself related to the background rate R0. 203 
Rather than computing the stress change Δτ, caused at any point by any earthquake, for which it 204 
would be necessary to know the source parameters of all the earthquakes, we introduce a shortcut 205 
that allows the use of the most common catalog information: the origin time, the epicentral 206 
coordinates, and the magnitude. Empirically we hypothesize that the stress change produced by an 207 
earthquake is given by:  208 
 209 
 210 
 211 
Where Δτ0 is a free parameter representing the maximum shear stress produced by the fault at its 212 
epicenter, r and q have the same meaning as in equation (1), and dj as in equation (8). For numerical 213 
applications it is necessary to define the value of the various parameters. In this study we aim to 214 
reduce the number of free parameters as much as possible, so we arbitrarily fix the value of some 215 
parameters that can be reasonably estimated based on prior experience: 216 
q is fixed equal to 1.5, as seen in the previous section; 217 
b is estimated from the analyzed catalog; 218 
The geographical distribution for the R0 value is equal to that adopted for the ETES model. 219 
We leave only Δτ0 and the product Aσ as free parameters of the new model, to be determined by a 220 
maximum-likelihood best fit. For the ERS model the best fit has provided for the two parameters 221 
the following values: Δτ0=0,08 MPa, Aσ= 0,012 MPa.  222 
The maximum likelihood under the ERS and Poisson models is 166.139,33 (L1) and 155.103,24 223 
(Lo), respectively with fr and dlog (=lnL1/L0) equal to 0,642 and 11.036,09, respectively. 224 
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In order to submit these models to the Testing Center of the CSEP at ETH in Zurich the two codes 225 
have been written to supply an output file in the format specified by the Testing Center. That is for 226 
each magnitude bin of 0,1 unit in the range from 4.0 to 9.0 the codes supply a table containing the 227 
expected number of events in adjacent cells of 0,1° x 0,1° covering the Test area. 228 
Figure 2a,b shows an example of how the ETES and ERS models work in real cases to display the 229 
spatial changes of the expected occurrence rate density in the next 24 hours starting in March 21, 230 
2009 (00:00 UTC), respectively. The parameter values used in this case are reported in Table 1 for 231 
the ETES model and in this section for the ERS model. In Figure 2b background seismicity higher 232 
than Figure 2a stands out, consistently with a larger number of independent events respect to the 233 
total number of events. Conversely the ERS model shows a seismicity characterized by higher 234 
peaks but spatially concentrated. It is possible to observe a small zone in the Central Italy where the 235 
expected rate of M≥ 5.0 events in the next 24 hours is larger than 0.1 (ev/day/cell). The zone shows 236 
the effects of Aquila seismic sequence started in December 2008 and that has strongly hit the 237 
L’Aquila city in the Abruzzo region, Central Italy, on April 6th, 2009 at 01:33 UTC (Mw ≥6.3). 238 
 239 
4. Long Term Stress Transfer model  240 
The methodology adopted in the Long Term Stress Transfer (LTST) algorithm is based on the 241 
fusion of a statistical renewal model, with a physical model considering fault interaction that in real 242 
circumstances can either increase or decrease the future earthquake probability with respect to what 243 
is expected by a simple renewal model. We consider fault interaction by the computation of the 244 
coseismic static permanent Coulomb stress change (ΔCFF) caused by all earthquakes that occurred 245 
after the latest characteristic earthquake on a certain investigated fault segment and surrounding 246 
sources.  247 
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According to the methodology developed in the last decade (Stein et al. 1997; Toda et al. 1998; 248 
Parsons, 2004) and applied also by Console et al. (2009b), the probability of the next characteristic 249 
earthquake on a known seismogenic structure (for which the mechanism and the size of the 250 
characteristic event is given) in a future time interval (in this case 5 and 10 yrs) starts from the 251 
estimate of its occurrence rate, conditioned to the time (t) elapsed since the previous characteristic 252 
event. To do it, two parameters are necessary: the expected mean recurrence time, Tr, and the 253 
aperiodicity, α (also known as coefficient of variation) of the renewal process (Mc Cann et al., 254 
1979; Shimazaki and Nakata, 1980). In this study we adopt, among various statistical renewal 255 
models, the Brownian Passage Time distribution (BPT, Matthews et al., 2002) to represent the 256 
inter-event time probability distribution, f (t) for earthquakes on individual sources.  257 
This distribution function that gives the instantaneous number of events is expressed as: 258 
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 260 
The influence of the stress change on the probability of an impending characteristic event is 261 
computed by the introduction of a permanent shift (clock advance or delay), on the time, t, elapsed 262 
since the previous earthquake, obtaining a modified time t’: 263 
                                                                 τ
CFFtt Δ+='                                                                     (6) 264 
Where ΔCFF is the static stress change and τ  is the tectonic stressing rate (supposed unchanged by 265 
the stress step). 266 
As ΔCFF is not uniform on the receiving fault, we adopt its average value, given by the sum of 267 
values computed on small elements of the triggered fault divided by the number of elements. 268 
We must now consider how the stress changes caused by earthquakes occurred on neighboring 269 
faults might affect the probability of occurrence of the next possible event in the future time 270 
intervals of 5 and 10 years starting on August 2009. The analysis has been carried out on the whole 271 
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Italian territory, containing 119 seismogenetic sources reported in the Database of Individual 272 
Seismogenic Sources, DISS, version 3.1.0 (DISS Working Group, 2009; Basili et al., 2008). 273 
Some sources in the investigated area have been discarded, as they lack the date of the last event. 274 
This has reduced the number of sources to 104. 275 
Among the causative events that could have potentially changed the stress conditions on the 104 276 
studied faults, we have considered: 277 
1. The characteristic events associated to the seismogenic sources themselves (as reported in DISS 278 
3.1.0); 279 
 2. The events reported in the Parametric Catalog of the historical Italian earthquakes (CPTI04, 280 
2004) associated to the DISS 3.1.0. seismogenic areas (192 events with Mw ≥ 5.0). This database 281 
also contains the recent largest earthquakes till the 2009 Aquila sequence.  282 
Obviously, all these events have been considered only once in case that they were reported by more 283 
than one information source, with preference to the information coming from the source in the order 284 
as they are listed. 285 
The stress change ΔCFF on an individual fault is computed adding the contributions from all the 286 
other sources that have ruptured after the latest known earthquake on the considered fault. The 287 
computation is carried out at the hypocentral depth of this latest earthquake. 288 
The implementation of the method outlined in the previous section requires some information 289 
available on DISS, such as the hypocentral coordinates, the expected magnitude, the focal 290 
mechanism, the fault size, the average slip, the mean recurrence time, and the date of the latest 291 
event. Following Ellsworth et al. (1999) and Matthews et al. (2002) in this work we adopt for the 292 
coefficient of variation the value α=0.5. 293 
 The fault parameters like strike, dip, rake, dimensions, and average slip are necessary for all the 294 
triggering sources. Fault mechanism is also needed for the triggered source (receiving fault) in order 295 
to resolve the stress tensor on it. As we are dealing mainly with pre-instrumental events, for which 296 
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details as fault shape and slip heterogeneity are not known, we assume rectangular faults with 297 
uniform stress drop distribution. We have computed the clock change, Δt, by the ratio between 298 
ΔCFF and τ  (tectonic stress change rate). The clock change is positive (the fault becomes closer to 299 
failure) if the Coulomb stress change is positive. In the opposite case (negative change), the fault 300 
becomes farther from failure, being possible, in extreme situations, that the elapsed time is reset to 301 
zero. The values of τ  have been computed for each source by the strain rate obtained by S. Barba 302 
for the INGV-Dipartimento della Protezione Civile (DPC) S2 project (2005-2007). These values of 303 
strain rate were obtained by different numerical models of deformation for Italy using a finite 304 
element method and calculating the nodal velocity by the weighted residual method through the use 305 
of the software SHELLS (Bird, 1999) suitably modified to include the representation of the 306 
seismogenic Italian faults. 307 
The strain tensor has been resolved on the specific source, taking into account the mechanism of its 308 
characteristic earthquakes. The values of the shear strain component so obtained allows the 309 
computation of τ  multiplying it by the shear modulus μ = 3 × 104MPa. 310 
Once the distribution function f(t) is estimated, the expected number of events N (rate) over a given 311 
time interval (t, t+Δt) is computed on the cells defined by the CSEP as 0,1° x 0,1° by integration: 312 
                                                                    ( )
t t
t
N f t dt
+Δ= ∫                                                              (7) 313 
Under the hypothesis of a generalized Poisson process, we may estimate the probability of 314 
earthquake occurrence in the given time interval: 315 
                                                         P= 1 – exp (N)                                                                (8) 316 
In Figures 3a,b the expected probability values in the next 5-10 years, starting on August 2009, 317 
have been plotted on a map of seismogenic sources, respectively. The panels show the probabilities 318 
obtained from the permanent effect only. This forecast concerns only the individual seismic 319 
sources. It is not testable according to the CSEP methodology as it would need to wait for the 320 
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occurrence of a certain number of characteristic events on these (and only these) sources. Only then 321 
the likelihood can be computed. Considering the forecast in the next 10 year the higher probabilities 322 
are related to Selci_Lama (Umbria Region-Central Italy) (7,37%), Aspromonte Northwest (Calabria 323 
Region-Southern Italy) (6,45%), Camerino (Marche Region-Central Italy) (5,16%) and Pontremoli 324 
(Liguria Region-Northwest Italy) (4,61%) sources. The last characteristic events have occurred on 325 
these four sources on 30 September 1789, 6 February 1783, 28 July 1799 and 14 February 1834, 326 
respectively. 327 
The expected number of events obtained for each sources is uniformly subdivided on the basis of 328 
the cell number include inside the source. The center of these cells must be inside of the rectangle 329 
which delimits the projection of the sources. Moreover, two maps of expected rate for cells of 2 km 330 
x 2 km have been generated, using the historical and instrumental catalog, respectively. Three rate 331 
values are obtained for each cell (one provided by the sources, the second from historical data and 332 
the third from the instrumental catalog). We have used the rate value corresponding to the source 333 
when the cell was inside it. Otherwise, we have used the average rate value obtained from two 334 
catalogs if the cells are outside from the sources. In order to submit the LTST algorithm to the 335 
CSEP Testing Center at the ETH in Zurich, it has been written to supply an output file in the 336 
expected format by the specifications of such Testing Center. That is for each magnitude bin of 0,1 337 
unit in the range from 5.0 to 9.0 the codes supply a table containing the expected number of events 338 
in adjacent cells of 0,1° x 0,1° covering the Test area. 339 
In Figures 4a,b the expected events rate for M≥5.0, in cells of 0,1° x 0,1°, is shown for the next 5 340 
and 10 years, respectively. 341 
 342 
 5. Conclusions  343 
We have submitted at the CSEP ETH Testing Center three grid-based models applied to the whole 344 
Italian Territory to forecast impending shocks starting from August 1, 2009. The first two 24-hour 345 
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short-term forecast models are based on two Epidemic type Earthquake Sequence. The former is 346 
only a purely stochastic model (ETES), while the second is also based on physical constraints due 347 
to the application of the Dieterich rate-and-state model for earthquake nucleation. The third is a 5-348 
10 year long-term forecast physical model (LTST) considering the interaction among the seismic 349 
sources by the computation of the Coulomb Failure Function (ΔCFF). While the first two models 350 
only use the information contained in a seismic catalog (time, lat, long, depth, magnitude) the third 351 
one uses also geological and geodetic information. These models are produced to test the validity of 352 
their assumption in a truly prospective test against observed seismicity and explore which models 353 
among those submitted should be preferable in seismic hazard and risk assessment.  354 
 355 
 356 
 357 
 358 
 359 
 360 
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Figure Captions 502 
Figure 1. Smoothed distribution of the Italian (July 1, 1987-January 1, 2009) seismicity obtained 503 
by the smoothing algorithm using 29 km as the value of the correlation distance. The color scale 504 
represents the average number of earthquakes (M≥2.1 and h≤70 km) in an area of 2 km x 2 km 505 
over the time period above reported. 506 
Figure 2. Modeled expected occurrence rate density, (events, M≥4.0, per day per cell of 0,1° x 507 
0,1°) for the whole Italian territory, starting in March 21, 2009 00:00 UTC for the next 24 hours. 508 
(a) Considering the ETES model. (b) Considering the ERS model. 509 
Figure 3. The conditional occurrence probabilities obtained by the LTST algorithm is shown for a 510 
next characteristic earthquake in a future time interval. Only the permanent effect has been 511 
considered. In this study 104 seismogenic sources have been considered. (a) Probabilities in the 512 
next 5 years starting on August 1, 2009. (b) Probabilities in the next 10 years starting on August 1, 513 
2009. 514 
Figure 4. Forecast maps starting on August 1, 2009 of M≥5.0 in terms of expected rate, for cells 515 
of 0,1° x 0,1°, provided by the LTST algorithm for the whole Italian Test area. (a) In the next 5 516 
years. (b) In the next 10 years.  517 
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